Abstract. The aim of this study was to determine the disease activity index (DAI) and the colonic mucosa damage index (CMDI), and to detect the colonic mucosal expression levels of matrix metalloproteinase-2 (MMP-2) and tumor necrosis factor-α (TNF-α) in rats with ulcerative colitis (UC). We also aimed to investigate the protective role of Etiasa in UC. Sprague Dawley (SD) rats were randomly divided into three groups: the control, an Etiasa-treated group and a UC model group. Rats were sacrificed on days 14, 21, 35 or 56 following the administration of treatment by enema and the DAI, CMDI and colonic expression levels of MMP-2 and TNF-α were assessed. In the UC model group, the DAI and CDMI scores and the colonic expression levels of MMP-2 and TNF-α increased significantly compared with the control at all timepoints, and were also significantly higher than those in the Etiasa-treated group. In conclusion, the expression levels of MMP-2 and TNF-α increased significantly in rats with UC. Etiasa reduces colonic mucosal damage by downregulating the expression of MMP-2 and TNF-α.
Introduction
Ulcerative colitis (UC) is a type of nonspecific inflammatory bowel disease for which the etiology and disease mechanism are not completely clear. It has become evident that the main pathological change of UC is the excessive degradation of the colonic extracellular matrix (ECM) and the formation of colonic mucosal ulcers (1) . Matrix metalloproteinases (MMPs) and several cytokines are important in the colonic ECM degradation process and the generation of mucosal inflammation and ulcers (2, 3) . Etiasa, which belongs to the aminosalicylic acid class of drugs, is one of the main treatment options for UC. In the current study, Etiasa was administered by gastric lavage to rats with UC. We determined the disease activity index (DAI), colonic mucosa damage index (CMDI) and colonic mucosal expression levels of matrix metalloproteinase-2 (MMP-2) and tumor necrosis factor-α (TNF-α) and then considered the mechanism by which Etiasa alleviates UC to provide the theoretical basis for a novel treatment for UC.
Materials and methods

Materials.
Healthy male Sprague Dawley (SD) rats weighing 180-220 g and aged 4-8 weeks were supplied by the SPF Laboratory Animal Center of Dalian Medical University. 2,4,6-Trinitrobenzenesulfonic acid solution (TNBS) was purchased from Sigma (St. Louis, MO, USA). Etiasa (mesalazine sustained release granules) was supplied by Ipsen (Tianjin, China). MMP-2 and TNF-α polyclonal antibodies were supplied by Bioworld Technology (Nanjing, China). The MaxVision™ plus Poly-HRP (mouse/rabbit) IHC kit was supplied by Beijing Zhongshan Goldenbridge Biotechnology Co., Ltd. (Beijing, China). Primers, DNA markers (DL 2000), and Takara RNA polymerase chain reaction (PCR) kit (AMV) Ver.3.0 were purchased from Takara Co., Ltd. (Dalian, China).
Rats were maintained in a room with constant temperature (22±1˚C) and a dark-light cycle (12 h/12 h), and housed in cages, with a maximum of 5 rats per cage. They were fed with standard laboratory food and water for one week prior to the experiments. All experimental procedures were conducted according to the institutional guidelines for the care and use of laboratory animals of Dalian Medical University, Dalian, China, and conformed to the National Institutes of Health Guide for Care and Use of Laboratory Animals (Publication no. 85-23, revised 1996). All protocols were approved by the Institutional Animal Care and Use Committee of Dalian Medical University.
Animal treatment. A total of 72 SD rats were randomly divided into three groups: the control, an Etiasa-treated group and a UC model group, each comprising 24 rats. The SD rat model of UC was established by administering a mixed Effect of Etiasa on the expression of matrix metalloproteinase-2 and tumor necrosis factor-α in a rat model of ulcerative colitis solution of TNBS (100 mg/kg) and 50% ethanol (0.25 ml) by enema. The control group was subjected to enema and gastric lavage with normal saline. For the Etiasa-treated group, TNBS was administered by enema and Etiasa was administered by gastric lavage (80 mg/kg twice a day) (4). The UC model group was subjected to TNBS enema and gastric lavage with saline. Rats from all groups were sacrificed on days 14, 21, 35 and 56; 6 rats/group were sacrificed on each of these days following the enema, and colonic tissue 2.0-10.0 cm from the anus was collected for reverse transcription polymerase chain reaction (RT-PCR) and immunohistochemical analysis.
DAI and CMDI scoring. The rats were weighed and checked for behavior, stool consistency and the presence of gross blood in the stool every day. The scores were assigned as follows: percentage of body weight reduction (0, no change; 1, 1-5%; 2, 6-10%; 3, 11-15%; 4, >15%); stool consistency (0, normal; 2, loose; 4, diarrhea); and the presence of fecal blood (0, normal; 2, positive occult blood test; 4, visible bleeding) (5). The DAI was calculated as the sum of these scores. The rats were sacrificed at the timepoints indicated and the entire colon was excised from the cecum to the anus and opened longitudinally. Macroscopic damage was evaluated using CMDI, a validated scoring system with slight modifications (6) . The numerical rating score was as follows: 0, no inflammation; 1, local hyperemia without ulcers and/or stool consistency; 2, ulceration without hyperemia; 3, ulceration and adhesions at 1 site; 4, ≥2 sites of inflammation and ulceration extending >1 cm; 5, ulceration extending >2 cm.
MMP-2 and TNF-α mRNA expression. mRNA was extracted from the colonic tissue samples using TRIzol according to the manufacturer's instructions (Invitrogen Life Technologies, Carlsbad, CA, USA) and RT-PCR was performed according to the instructions of the PCR kit. An equal amount of cDNA from each sample was amplified using primers specific to each gene (Table I) . DNA amplification was carried out using a thermocycler under the following conditions: for MMP-2, 35 cycles of denaturation at 94˚C for 30 sec annealing at 54˚C for 30 sec and extension at 72˚C for 60 sec; for TNF-α, 35 cycles of denaturation at 94˚C for 45 sec, annealing at 54˚C for 30 sec and extension at 72˚C for 60 sec; and for β-actin, 35 cycles of denaturation at 94˚C for 30 sec, annealing at 54˚C for 30 sec and extension at 72˚C for 60 sec. RT-PCR products were measured by photodensitometry using a gel image analysis system following agarose gel electrophoresis and ethidium bromide staining.
Measurement of MMP-2 and TNF-α protein expression.
Immunohistochemistry was conducted according to the instructions of the MaxVision™ kit. Image analysis software (Image-pro plus 6.0) was used to measure the light density of the positive control cells in which the cytoplasm was tan-yellow or brown following 3,3'-diaminobenzidine (DAB) staining. For each section, the positive integrated optical density (IOD) and total area of five representative visual fields without overlap were observed under a high-powered microscope (x400). The ratio of IOD and total area represents the mean value of the optical density, with a higher ratio indicating a higher level of protein expression. Table II . DAI and CMDI of three groups at different times (mean ± SD).
Control group
Model group Etiasa-treated group Statistical analysis. The data revealed a normal distribution and are expressed as the mean ± standard deviation (SD). The responses of different experimental groups were analyzed using one-way ANOVA. Spearman correlation analysis was used to study the correlation between MMP-2 and TNF-α expression levels. P<0.05 was considered to indicate a statistically significant result. All statistical analyses were performed using SPSS 11.5 for Windows.
Results
DAI and CMDI scores. The DAI and CMDI scores of the UC model group were significantly higher than those of the control (P<0.05) at all timepoints. The DAI and CMDI scores of the Etiasa-treated group were reduced significantly on days 14, 21, 35 and 56 compared with those of the UC model group (P<0.05; Table II) . 
Results of RT-PCR.
Correlation of MMP-2 and TNF-α protein expression levels.
Correlation studies revealed that the expression levels of the Table III . Colonic mucosal mRNA expression of MMP-2 and TNF-α (mean ± SD). MMP-2 protein were significantly correlated with those of the TNF-α protein. The correlation factor was 0.963 (P<0.05).
Control group Model group Etiasa-treated group ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Discussion
UC is a type of nonspecific inflammatory bowel disease for which the etiology and disease mechanism are not completely clear. In physiological conditions, the degradation and synthesis of ECM are in a state of dynamic balance. Excessive degradation and insufficient synthesis of ECM are the principal pathophysiological changes occurring in the process of UC. MMPs are the predominant hydrolytic enzymes that degrade the ECM, so the increased activity of MMPs is responsible for the tissue damage of the colon in UC. It is well accepted that inflammatory cytokines participate in the pathogenesis of UC. The relationship between MMPs and inflammatory cytokines in the pathogenesis of UC remains to be studied. MMP-2 is the matrix metalloproteinase whose main function is to degrade collagen subtypes, including types IV and V, in the matrix. The synthesis and secretion of MMP-2 are regulated by several factors, including TNF-α, IL-1β, AP-1 and NF-κB (7) . With regard to the relationships between MMPs and the pathogenesis of UC, studies have shown that the expression levels of MMP-2 and MMP-9 in the parts of the colonic mucosa affected by UC inflammation are significantly higher than those in the unaffected parts (1). Matsuno et al assessed the expression of MMPs in the inflamed colonic mucosa of 52 patients with UC and the results demonstrated that MMP-2 was expressed in the ECM cells and that the expression of MMP-2 in the diseased mucosa was significantly higher than that in the unaffected areas (8) . In our study, we tested the MMP-2 expression levels in colonic mucosa using RT-PCR and immunohistochemistry. Our results revealed that DAI, CMDI and the expression levels of MMP-2 were significantly higher in the UC model animals than in the control group, and that decreased MMP-2 expression was associated with improvements in the DAI and CMDI. These data show that overexpression of MMP-2 is related to mucosal injury and is particularly significant for inflammation. Table IV . Colonic mucosal protein expression levels of MMP-2 and TNF-α (mean ± SD).
Control group
Model group Etiasa-treated group Disorders in the regulation of the cytokine network in the colonic mucosa lead to the onset of UC (9) . TNF-α is a significant proinflammatory cytokine which is important in the pathogenesis of UC (10). Yeckes et al (11) observed that there was extensive lymphocyte infiltration and TNF-α expression in the inflamed colonic areas of UC patients. Plasma levels of TNF-α were also increased, which identified TNF-α as a participant in the colonic mucosal and systemic inflammation in patients with UC. Our results demonstrated that at the transcriptional and protein levels, the expression levels of TNF-α in the diseased areas of the UC model animals were significantly higher than in those of the controls. Immunohistochemistry revealed that the TNF-α positively stained cells were predominantly mono-macrophages.
In the present study, MMP-2 was found to be closely correlated with TNF-α, indicating there is a relationship between MMPs and cytokines. A previous study has shown that several cytokines affect the expression of MMPs during the inflammatory response (12) . It is believed that MMPs not only appear in downstream inflammatory responses, but also exert a feedback effect on cytokines. Black et al (13) reported that MMPs were able to activate TNF-α on cell membranes via hydrolysis.
Since the beginning of the 1940s, salazosulfapyridine (SASP) has been used in the treatment of inflammatory bowel disease. Almost 40 years later, 5-aminosalicylic acid (5-ASA), which is generated by the action of azo-reducing enzymes in the colon, was identified as the therapeutically active moiety of SASP. Mesalazine is a 5-aminosalicylic acid compound that is the first-line treatment for patients with mild-to-moderate UC. There are multiple formulations of mesalamine available, which are primarily differentiated by their means of delivering active mesalamine to the colon. Mesalazine may treat UC by inhibiting prostaglandin synthesis, preventing leukotriene formation and eliminating oxygen radicals (14) . Mesalazine slow-release granules (trade name: Etiasa) and controlled-release tablets release 5-ASA in the alkaline environment of the lower gastrointestinal tract following oral adminstration.
In this study, Etiasa was administered by gastric lavage to rats with UC. We determined the DAI, CMDI and colonic mucosal expression levels of MMP-2 and TNF-α and then considered the mechanism by which Etiasa alleviates UC to provide the theoretical basis for a novel treatment for UC.
Our study revealed that in the UC model group, the DAI and CDMI scores were significantly higher than those of the control group at all timepoints, and were also significantly higher on days 14, 21, 35 and 56 than those of the Etiasa-treated group. From the DAI and CMDI scores, we demonstrate that Etiasa may remit the symptoms of UC, including diarrhea and hematochezia, reduce pathological damage of the colonic mucosa and promote colonic ulcer healing.
The results also demonstrated that at the transcriptional and protein levels, the expression levels of MMP-2 and TNF-α were significantly higher in the model group on days 14, 21, 35 and 56 than those in the Etiasa-treated group. Our study identified that Etiasa was able to inhibit the expression of TNF-α at the transcriptional level and subsequently lead to the decreased expression of the TNF-α protein by the colonic mucosa, and may also suppress the expression of MMP-2. We conclude that Etiasa is capable of treating UC by the mechanism of downregulating the colonic expression levels of TNF-α and MMP-2, in addition to the known mechanisms we have previously mentioned.
We also observed that the DAI and CMDI scores and colonic mucosal expression levels of MMP-2 and TNF-α in the Etiasa-treated group on day 3 and 7 were not significantly different from those of the model group at the same timepoints. A possible reason for this is that rats suffering the worst reaction to the TNBS enema at day 7 of the evaluation were included in the UC model group. However, Etiasa did not achieve its response at the shorter (7-day) treatment time.
In conclusion, our study confirmed that the colonic mucosa in UC expressed MMP-2 and TNF-α excessively. Etiasa may treat UC by the mechanism of downregulating the colonic expression levels of TNF-α and MMP-2.
